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(57) ABSTRACT

The present disclosure relates to a pulse cleaner for cleaning
a diesel exhaust treatment device. The pulse cleaner includes
a cabinet, a diesel exhaust treatment device mount positioned
within the cabinet for mounting the diesel exhaust treatment
device during pulse cleaning, and a collection filter posi-
tioned within the cabinet for collecting material displaced
from the diesel exhaust treatment device during cleaning. The
pulse cleaner also 1ncludes a pulse generator for generating
pulses that are each directed at a majority of a face of the
diesel exhaust treatment device when the diesel exhaust treat-
ment device 1s mounted at the diesel exhaust treatment device
mount. The pulse generator includes a pressure tank for accu-
mulating pressurized air, and a valve arrangement that flushes
the pressurized air from the tank. A pulse of air for cleaning
the diesel exhaust treatment device 1s generated each time the

ank 1s flushed.
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APPARATUS FOR CLEANING EXHAUST
AFTERTREATMENT DEVICES AND
METHODS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/658,338, filed Mar. 4, 2005,
which application 1s hereby incorporated by reference 1n its
entirety.

TECHNICAL FIELD

The present invention relates generally to devices and
methods for servicing/cleaning diesel particulate filters or
other exhaust after treatment devices.

BACKGROUND

To reduce air pollution, engine exhaust emissions stan-
dards have become i1ncreasingly more stringent. After treat-
ment devices have been developed to satisty these increas-
ingly stringent standards. For example, catalytic converters
have been used to reduce the concentration of pollutant gases
(e.g., hydrocarbons, carbon monoxide, nitric oxide, etc.)
exhausted by engines. With respect to diesel engines, diesel
particulate filters have been used to reduce the concentration
of particulate matter (e.g., soot) 1n the exhaust stream. U.S.
Pat. No. 4,851,015, which 1s hereby incorporated by refer-
ence, discloses an example diesel particulate filter. Other
example types of after treatment devices 1include lean NOx
catalyst devices, selective catalytic reduction (SCR) catalyst
devices, lean NOx traps, or other device for removing for
removing pollutants from engine exhaust streams.

Attimes, 1t1s required to service after treatment devices. To
tacilitate servicing, after treatment devices are often clamped
into an exhaust system as modules or separate units. For
example, clamps can be provided at flange interfaces located
opposite adjacent opposite ends ol the after treatment
devices. By removing the end clamps, a given aiter treatment
device can be removed from 1ts corresponding exhaust sys-
tem for servicing.

In use, after treatment devices occasionally become over-
loaded with soot, ash or other maternials present in or gener-
ated from engine exhaust. As after treatment devices become
overloaded, the devices cause undesirable backpressure 1n
their corresponding exhaust systems. Belore an after treat-
ment device becomes plugged to the point where excessive
backpressure 1s a concern, it 1s recommended to remove the
device from 1ts corresponding exhaust system for servicing.
To service a device such as a diesel particulate filter, 1t 1s
known to manually move a focused stream of pressurized air
back and forth across the outlet side of the filter to loosen
soot/ash that has collected on the filter. For example, a dry air
ogun (e.g., 50-100 ps1) can be used as a source of pressurized
air. Simultaneously, an industrial vacuum device 1s coupled to
the inlet side of the filter. The vacuum device 1s typically
equipped with a high-efficiency particulate air filter or ultra-
low penetration air filter for collecting the soot/ash that is
blown from the filter by the pressurized air. Total time for
cleaning the filter depends on the size of the filter, but is
typically 30-50 minutes.

Pulse cleaners have been used 1n other filtration applica-
tions to clean filters. For example, industrial dust collection
systems have been designed with “seli-cleaning” filters for
removing dust from an air stream (e.g., see U.S. Pat. No.
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4,159,197). These systems have filters (e.g., pleated filters or
bag filters) that are cleaned inset (1.e., on-line). For example,
while the systems are in use collecting dust, the systems
periodically use nozzles to direct pulses of air at the filters in
a reverse-tlow direction (1.e., 1n a direction opposite to the

flow of air being filtered) to drive or shake collected dust from
the filters.

What 1s needed 1s an improved device/method for servicing,
overloaded diesel particulate filters or other exhaust after
treatment devices.

SUMMARY

Certain aspects of the present disclosure relate to devices
and methods for efliciently and effectively cleaning diesel
particulate filters or other after treatment devices.

Examples representative of a variety of inventive aspects
are set forth i1n the description that follows. The inventive
aspects relate to individual features as well as combinations
of features. It 1s to be understood that both the forgoing
general description and the following detailed description
merely provide examples of how the inventive aspects may be
put 1nto practice, and are not intended to limait the broad spirit
and scope of the inventive aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an alter treatment device
cleaner having features that are examples of inventive aspects
in accordance with the principles of the present disclosure;

FIG. 21s aperspective view of the cleaner of F1G. 1 with the
walls of the cabinet removed to show the interior components;

FIG. 3 1s a front view of the cleaner of FIG. 1 with the two
front doors removed;

FIG. 4 1s a right side view of the cleaner of FIG. 1 with the
side wall removed:

FIG. 5 1s a rear view of the cleaner of FIG. 1;

FIG. 6 1s a top view of the cleaner of FIG. 1 with the top
wall removed;

FIG. 7 1s a perspective view ol a pressure tank and blower
assembly of the cleaner of FIG. 1;

FIG. 8 1s a top view of the pressure tank of FIG. 7;
FIG. 9 1s a front view of the pressure tank of FIG. 8;

FIG. 10 1s a cross-sectional view taken along section line
10-10 of FIG. 8;

FIG. 10A 1s an enlarged detailed view of a portion of FIG.
10;

FIG. 11 1s a front view of an upper DPF mounting cone of
the cleaner of FIG. 1;

FIG. 12 illustrates a portion of a scissor lift of the cleaner of
FIG. 1;

FIG. 13 1s a perspective view of a scissor lift of FIG. 12;

FIG. 14 1s a perspective view of a drive linkage for driving
the scissor lift of FIG. 13;

FIG. 15 1s a side view of a filter cam lift of the cleaner of
FIG. 1;

FIG. 16 1s a front view of the filter cam lift of FIG. 15;

FIG. 17 1s a top view of the filter cam lift of FIG. 15;

FIG. 18 1s a front view of a front pressure gage of the
cleaner of FIG. 1;

FIG. 19 1s a front view of a front control panel of the cleaner
of FIG. 1; and

FIG. 20 1s a perspective view of an example primary filter
for use with the cleaner of FIG. 1.
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DETAILED DESCRIPTION

In the following detailed description, references are made
to the accompanying drawings that depict various embodi-
ments which are examples of how certain iventive aspects
may be practiced. It 1s to be understood that other embodi-
ments may be utilized, and structural and functional changes
may be made without departing from the broad scope of the
inventive aspects.

The present disclosure relates to methods and systems for
cificiently and effectively cleaning diesel particulate filters
(DPF) or other exhaust after treatment devices. In one
embodiment, relatively high volume pulses of relatively low-
pressure compressed air are used to back flush collected
matenal (e.g., soot, ash or other material captured from
engine exhaust) from after treatment devices. In certain
embodiments, each pulse 1s directed at majority of the cross-
sectional area of the outlet face of a given after treatment
being cleaned. In preferred embodiments, each pulse 1s
directed at substantially the entire cross-section area of the
outlet face of the after treatment device being cleaned. This
ensures that pressurized air 1s directed at all of the channels of
the after treatment device and eliminates the need to manually
move a focused pressurized air stream back and forth across
the outlet face.

Throughout the remainder of the specification, cleaning
devices and methods are described primarily with respect to
cleaning diesel particulate filters. However, 1t will be appre-
ciated that the same devices and methods can be used to clean
other types of engine exhaust after treatment devices as well.
Other example after treatment devices that may require ser-
vicing include catalytic converters, lean NOx catalyst
devices, selective catalytic reduction (SCR) catalyst devices,
lean NOx traps, or other devices for removing for removing
pollutants from the exhaust stream. The methods and cleaners
can also be used to clean other types of filters/treatment
devices, and are not limited exclusively to engine exhaust
after treatment devices.

Diesel particulate filter substrates can have a variety of
known configurations. An exemplary configuration mcludes
a monolith ceramic substrate having a “honey-comb’ con-
figuration of plugged passages as described i U.S. Pat. No.
4,851,015 that 1s hereby incorporated by reference in 1its
entirety. This type of filter can be referred to as a wall-flow
trap or filter. Common materials used for wall-flow filters
include silicon carbide and cordierite. Wire mesh, corrugated
metal fo1l and other flow-through type filter configurations
can also be used. In certain embodiments, the filter substrate
can 1nclude a catalyst. Exemplary catalysts include precious
metals such as platinum, palladium and rhodium, and other
types of components such as base metals or zealots.

As described herein, after treatment devices are described
as having inlet sides or faces and outlet sides or faces. The
inlet side or face of an after treatment device 1s the side that
faces the mmcoming flow of exhaust when installed in an
exhaust system. The inlet side can be referred to as the “dirty”
side since 1t 1s the side at which matenal filtered from the
exhaust stream collects. The outlet side or face of an after
treatment device 1s the side that faces away from the incoming
flow of exhaust when installed 1n an exhaust system. The
outlet side can be referred to as the “clean” side.

FIG. 1 illustrates a cleaner 20 having features that are
examples of mventive aspects 1n accordance with the prin-
ciples of the present disclosure. The cleaner 20 includes a
cabinet 21 having a top side 22, a bottom side 24, a leit side
26, a right side 28, a front side 30 and a back side 32. The

cabinet 21 includes an upper region 34, an intermediate
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region 36 and a lower region 38. The front side 30 of the
cabinet 21 includes a front wall 40 positioned at the upper
region 34. A pressure gage 42 and a control panel 44 are
mounted to the front wall 40. The front side of the cabinet 21
also includes a first door 46 for providing access to the interior
of the intermediate region 36 of the cabinet 21, and a second
door 48 for providing access to the interior of the lower region
38 of the cabinet 21. An electrical connection opening 45 and
an air inlet opening 47 are provided at the top side 22 of the
cabinet 21. Adjustable feet 50 are provided at the bottom side
24 ofthe cabinet 21 for leveling the cabinet 21. A crank handle
52 1s provided at the side 28 of the cabinet 21. An air outlet 54
(see FIGS. 2 and 5) 1s provided at the back side 32 of the
cabinet 21.

Referring to FIGS. 2-6, an air pressure tank 60 1s provided
at the upper region 34 of the cabinet 21, a DPF mount 62 is
provided at the intermediate region 36 of the cabinet 21 and a
primary {ilter mount 64 1s located at the lower region 38 of the
cabinet 21. The air pressure tank 60 and its corresponding
flow control arrangement function as a pulse generator that
generates pulses of air for cleaning a DPF 70 positioned at the
DPF mount 62. A primary {ilter 72 positioned at the primary
filter mount 64 functions to capture material flushed from the
DPF 70. A safety filter 66 1s provided for re-filtering the air
that passes through the primary filter 72 before the air exits
the cabinet 21 through the air outlet 54.

In use of the system, the DPF 70 1s loaded at the DPF mount
62 and the primary filter 72 1s positioned at the primary filter
mount 64. With the filters 70, 72 mounted within the cabinet
21, the cabinet doors 46, 48 are closed and the air pressure
tank 60 1s pressurized with air. When the air pressure tank 60
1s filled to a predetermined air pressure, the air pressure tank
60 1s opened causing a pulse of air to flush or dump down-
wardly from the pressure tank 60 through the DPF 70. As the
pulse of air moves downwardly through the DPF 70, material
(e.g., soot, ash, o1l, soluble organic fraction or other material )
accumulated on the DPF 70 during use 1s dislodged/tlushed
fromthe DPF 70 and re-captured at the primary filter 72. After
passing through the primary filter 72, the air can exit the
cabinet 21 through the air outlet 54 and its corresponding
safety filter 66. A blower 74 1s provided within the cabinet 21
for providing continuous positive pressure to the top side of
the DPF 70 between air pulses. The movement of air from the
blower 74 assists 1n causing material loosened by the air
pulses to migrate downwardly to the primary filter 72. In other
embodiments, a vacuum may be placed downstream of the
DPF and the primary filter 72 for continuously drawing air
through the DPF 70 and the primary filter 72.

It 1s typically preferred to mount the DPF 70 1n the DPF
mount 62 with the outlet side of the filter facing upwardly
toward the pressure tank 60. In this configuration, the pulses
of compressed air back-flush collected material from the
DPF. However, 1n other embodiments, a filter may be cleaned
by alternating between a first orientation where the outlet side
faces upwardly toward the pressure tank 60 and a second
orientation where the outlet side faces downwardly away
from the pressure tank 60. By selectively reversing the orien-
tation of a given filter during cleaning, material accumulated
on the filter will alternately be exposed to pulses from oppo-
site directions thereby assisting 1n dislodging accumulated
material from the filter.

Typical DPF’s are 10.5 or 11.25 inches 1n diameter and 14
inches 1n length. Another common DPF size 1s 12 inches 1n
diameter and 15 inches inlength. To accommodate these sizes
of filter, in one non-limiting embodiment, the air pressure
tank can have a volume of about 22 gallons, and the air
pressure tank 1s pressurized to about 8-10 pounds per square
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inch (ps1) before dumping its volume of air to generate an air
pulse. In other embodiments, the air pressure tank can have a
volume 1n the range 3-50 gallons, or a volume of at least 3
gallons. In one non-limiting embodiment, the air tank 1s pres-
surized to a pressure less than 15 ps11n the range of 3-15 psi.
In certain embodiments, it 1s desirable for the air flow through
the DPF during an air pulse to have an approach velocity of in
the range of 20-100 feet per second, or 1n the range of 50-70
teet per second. Approach velocity 1s defined as the average
speed of the air during a pulse measured at a position 1mme-
diately upstream of the DPF being cleaned. Example pulse
durations are 1n the range ot 50 of a second to 1 second or 1in
the range of Y30 of a second to 0.5 second. A preferred pulse
durationis about 20 of a second. It will be appreciated that the
above numerical information 1s provided for 1llustration pur-
poses only, and 1s not intended to limit the broad inventive
aspects of the present disclosure.

In one embodiment, the entire pulse cleaning process can
be completed 1n 15 minutes or less. However, certain filters
may take longer than 15 minutes to clean. Therefore, the
broad aspects of the invention need not be limited to a par-
ticular time frame.

It has been determined that the initial pulse 1s the most
clifective at flushing material from an after treatment device.
Thereaftter, the pulses progressively flush less and less mate-
rial from the device being cleaned as the device become
cleaner. In view of the particular effectiveness of the mitial
pulses, certain after treatment devices may be cleaned by
using only a few pulses or even a single pulse. In practicing
one method, 1-100 pulses may be used. In practicing another
method, 20-70 pulses may be used. In practicing a further
method, 40-60 pulses may be used. Other numbers of pulses
than those specified can also be used without departing from
the broad concept of the present disclosure.

At times, merely pulsing air through a given filter or other
alter treatment device may not provide adequate cleaning. For
these types of circumstances, the pulse cleaning process can
be used 1n combination with a heating process. For example,
an after treatment device can be mitially pulse cleaned as
described above. If the pulse cleaning does not result 1n the
adequate removal of material from the after treatment device,
the after treatment can be heated to combust soot or other
combustible materials from the filter. An example system for
combusting soot or other matenials from an after treatment
device 1s disclosed 1n PCT Patent Application No. not yet
assigned, having attorney docket number 758.1917WOUI,
entitled Apparatus for Combusting Collected Diesel Exhaust
Material from After treatment Devices and Methods, filed on
a date concurrent herewith, which 1s hereby incorporated by
reference 1n 1ts entirety. After combusting the combustible
material from the after treatment device, the after treatment
device can again be pulse cleaned to flush ash or other remain-
ing material from the device.

FIGS. 7-10 illustrate the air pressure tank 60 of the cleaner
20. As shown at FIG. 8, the pressure tank 60 defines a gener-
ally annular pressure chamber 80 that surrounds a central
outlet tube 81. A reinforcing wall 82 divides the chamber 80
into mnner and outer annular sub-chambers that are 1n fluid
communication with one another. The top of the chamber 80
1s enclosed by main wall 84 and a central cover 86 secured to
the main wall 84 by fasteners 94. A diaphragm 92 1s mounted
beneath the cover 86. A peripheral region of the diaphragm 92
1s clamped between the cover 86 and the main wall 84 to seal
the outer circumierence of the diaphragm 92. A reinforcing,
plate 96 1s mounted to a central region of the diaphragm 92.
As shown at FIGS. 10 and 10A, the diaphragm seats on a top
end of the outlet tube 81 to block fluid communication

10

15

20

25

30

35

40

45

50

55

60

65

6

between the chamber 80 and the interior of the outlet tube 81.
A spring 98 connects the reinforcing plate 96 to a solenoid
valve 88 mounted to the central cover 86. When the solenoid
valve 88 1s actuated, the diaphragm 92 1s displaced upwardly
from the top end of the outlet tube 81 thereby opening fluid
communication between the pressure chamber 80 and the
interior of the tube 81. This allows the air within the chamber
80 to tlush down the tube 81 as an air pulse.

An air mput line 100 (see FI1G. 7) 1s used to 1ill the chamber
80. One end of the air input line 100 1s coupled to a source of
compressed air. The other end of the air mput line 100 1s
coupled to a pressure regulator 102 mounted to the main wall
84 at the top of the pressure chamber 80. The pressure regu-
lator 102 supplies compressed air to the chamber 80 through
line 103, and regulates the pressure within the chamber 80. A
flow control orifice can be provided along the input line for
limiting the rate at which air enters the chamber 80. A handle
104 or knob 1s used to set the desired pressure of the pressure
regulator 102. A pressure gage 106 for measuring the pressure
within the chamber 80 1s coupled to the pressure regulator
102. A pressure relief valve 108 1s also coupled to the regu-
lator. In the event the pressure regulator fails, the pressure
relief valve 108 prevents excessive pressure from accumulat-
ing within the chamber 80. A pressure switch 110 (see FIG. 8)
1s further coupled to the pressure regulator 102. When the
pressure chamber 1s pressurized to a predetermined air pres-
sure, the pressure switch 100 closes. Upon closure of the
switch 100, the solenoid valve 88 1s actuated causing the
diaphragm 92 to open fluid communication between the
chamber 80 and the interior of the outlet tube 81.

As 1ndicated above, the diaphragm 92 functions to open
and close fluid communication between the chamber 80 and
the interior of the outlet tube 81. When the chamber 80 1s
being pressurized, the diaphragm 92 seats on an upper end
100 of the outlet tube 81 to close fluild communication
between the chamber 80 and the interior of the tube 81. The
solenoid 88 and the spring 98 hold the diaphragm against the
upper end 100 of the tube 81. During pressurization of the
chamber 80, bleed holes 1n the diaphragm 92 allow air from
the main chamber to bleed 1nto the region between the cover
86 and the diaphragm 92. This provides a pressure balance
that prevents pressure within the main chamber from prema-
turely lifting the diaphragm from the top end of the outlet tube
as the chamber 80 1s pressurized. The chamber 80 1s placed 1n
fluid communication with the interior of the outlet tune 81 by
actuating the solenoid valve 88. When the solenoid valve 88 1s
actuated, the spring pressure holding the diaphragm 92
against the tube 81 1s released causing the diaphragm 92 to laft
upwardly to open fluid communication between the pressure
chamber 80 and the interior of the tube 81.

In certain embodiments, the tank 60 can be equipped with
a tank drain 93 (see FIG. 9) for allowing any moisture con-
densate that may collect 1n the chamber 80 to be blown from
the chamber 80. The tank drain 93 1s defined through a bottom
wall of the tank 60. A plug 95 1s spring biased to a closed
position to normally close the drain 93. The drain 93 1s opened
pulling downwardly on cord 97 attached to the plug 95.

Referring to FIG. 10, the outlet tube 81 defines a hole 120
for connecting the blower 74 to the iterior of the outlet tube
81. A pipe 122 (shown at FIG. 6) extends from the hole 120 to
the exterior of the chamber 80. A hose 124 connects the
blower 74 to the pipe 122. A one-way check valve 126 (see
FIG. 7) prevents air from traveling through the hose 124 1n a
direction toward the blower 74. This prevents the backward
flow of air through the hose when air 1s pulsed from the
pressure chamber 80 through the outlet tube 81. An air filter
128 1s used to filter the intake air drawn 1n by the blower 74.
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Referring to FIG. 2, the DPF mount 62 of the cleaner 20
includes an upper sealing cone 130 and a lower sealing cone
132. As shown at FIG. 11, the upper sealing cone 130 1s
connected to the lower end of the pressure chamber outlet
pipe 81 by a flexible hose 134. The ends of the hose 134 are
held 1 place with hose clamps. A proximity switch 135 1s
positioned adjacent the upper sealing cone 130. Referring
back to FIG. 2, the lower sealing cone 132 1s supported on a
platform 134. The platform 134 can be raised and lowered by
a sci1ssors litt 136. The scissors lift 136 1s supported on a plate
140 positioned directly above the primary filter 72. The plate
140 1ncludes a circular rim 142 (see F1G. 7). As shown at FIG.
12, the lower sealing cone 132 1s connected to the rim 142 by
a ﬂex1ble hose 144. The ends of the hose 144 are held in place
with hose clamps. Fach of the cones 130, 132 preferably
includes a resilient inner liner covering the conical interior
surfaces of the cones 130, 132. The liners are adapted to
provide circumierential seals with the ends of a DPF mounted
between the cones 130, 132.

The scissors lift 136 includes two pairs of scissors that
guide vertical movement of the platform 134. The scissors lift
136 1s driven by the manual crank handle 52 provided at the
right side of the cabinet 21. A linkage connects the crank
handle to the platiorm 134. The linkage includes a vertical
shaft 150 (see FIGS. 2, 13 and 14) that having a threaded
portion that threading engages a drive nut 152 secured to the
platiorm 134. Bearings 154 secured to the right wall of the
cabinet 21 support the vertical shait 150. As shown at FI1G. 14,
the linkage also includes a horizontal shaft 156 coupled to the
handle 52, and a right angle drive 158 for transferring torque
from the horizontal shaft 156 to the vertical shaft 150. When
the vertical shaft 150 1s rotated about its axis in a first direc-
tion, the nut 152 nides upwardly on the threads to raise the
platform 134. When the vertical shaift is rotated 1n the oppo-
site direction about its axis, the nut rides downwardly on the
threads to lower the platform 134.

In use, the cabinet door 46 1s opened and the handle 52 1s
cranked to move the cones 130, 132 apart a sufficient distance
to remove a previously cleaned DPF from between the cones.
After the previously cleaned DPF has been removed, a DPF in
need of service 1s inserted between the cones 130, 132. The
DPF 1s preferably mounted with the inlet side facing the lower
cone 132 and the outlet side facing the upper cone 130. The
handle 52 1s then cranked to move the lower cone 132
upwardly toward the upper cone 130 until the proximity
switch 135 1s closed. In this position, the DPF 1s compressed
axially between the two cones 130, 132 such that the cones
provide circumierential seals around the inlet and outlet ends
of the DPF. The pulse system can then be operated such that
pulses of air generated at the pressure chamber 80 are each
directed at substantially the entire outlet face of the DPF held
between the cones 130, 132. The pulses continue for a timed
cleaning duration. Alternatively, the pulses can continue until
the backpressure gage 42 provides an indication that DPF has
been adequately cleaned. After the pulse cleaning has been
terminated, the cleaned DPF can be removed from the cabi-
net. Thereafter, the steps can be repeated to clean subsequent
DPFE’s.

The proximity switch 135 interfaces with a controller that
prevents the cleaner 20 from being operated unless the switch
135 has been closed. Proximity switches 170, 172 are also
provided at the doors 46, 48. The switches 170, 172 also
interface with a controller that prevents the cleaner 20 from
being operated unless the switches 170, 172 have been closed.
A Turther safety feature of the system 1s a pressure reliel panel
133 (see FI1G. 7) provided at the wall of the cabinet adjacent
the intermediate region. In the event excessive pressure accu-
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mulates 1n the cabinet 21, the panel 133 will open to relieve
the pressure. In one embodiment, the panel 133 can be a break
away panel such as a frangible panel. Alternatively, the panel
133 can be a swing door that swings open 1if the pressure
within the cabinet exceeds a predetermined amount. A
mechanical spring latch or other means (e.g., a magnet) can
be used to hold the door closed. A panel filter can also be
provided 1n front of the panel 133 to filter air that leaves the
cabinet when the panel 133 opens.

The primary filter 72 of the cleaner 20 can have any number
of different configurations. In one embodiment (see FIG. 20),
the filter 72 1s cylindrical and includes a central cylindrical
liner or core 300 (e.g., a metal or plastic core) defining a
central longitudinal opening 302. The core 300 defines a
plurality of through-holes 304 and 1s surrounded by an annu-
lar pleated filter media 306. End caps 310, 311 can be pro-
vided at the top and bottom ends of the filter 72. The top end
cap 310 defines a central opening 314 1n fluid communication
with the central longitudinal opening 302 of the core 300. A
face seal 312 can be provided at the top of the filter surround-
ing the central opening 314. The filter media 306 1s preferably
secured to the core 300 to prevent the media from billowing
outwardly during a pulse of air. For example the inner pleat
tips of the media 306 can be bonded to the core 300. In one
embodiment, the inner pleat tips are bonded to the core 303
with an adhesive material such as a hot meld adhesive. For
example, a bead 315 of hot melt adhesive can be applied 1n a
helical pattern to the interior of the core. As the hot melt
adhesive 1s applied to the interior of the core 300, the adhesive
flows through the through-holes 304 and contacts the inner
pleat tips to bond the inner pleat tips to the outside of the core
300. An outer liner 313 can also be provided around the filter
media 316.

In use, air that has passed through the DPF enters the
primary {ilter 72 through the central openings 314, 302, and
then flows radically outwardly through the pleated filter
media 306. Asthe air tlows through the media, soot, ash, o1l or
other materials 1n the air are captured on the filter media 306.
After passing through the pleated filter media, the air can exat
the cabinet 21 through the safety filter 66 at the outlet 54. As
shown at FIG. 5, the safety filter 66 can include a module
having one or more panel filters (e.g., four panel filters are
shown). The primary filter preferably has the capacity to
accumulate material from a relatively large number of DPE’s
betfore needing replacement.

The primary filter mount 64 of the cleaner 20 1s accessed by
opening the front door 48. As shown at FIG. 2, the primary
filter mount 64 includes a cam lift 180 for lifting the primary
filter 72 to compress the face seal of the filter against the
underside of the plate 140 to form a seal between the top of the
filter 72 and the underside of the plate. When the filter 1s
seated at the mount 64, the central opening of the filter 72
preferably aligns with the hole defined by the rim 142 of the
plate 140. To lift the filter 72 1nto the sealed position, a handle
182 of the cam lift 1s p1voted upwardly from a lowered posi-
tion (shown 1n phantom line at FIG. 15) to a raised position
(shown 1n solid line at FIG. 15).

FIG. 18 1s an enlarged view of the pressure gage 42 pro-
vided at the front of the cabinet 21. The pressure gage mea-
sures the air pressure within the outlet tube 81. In one embodi-
ment, a hose 85 (see FIG. 2) connects the gage 42 to a {itting
87 (see FI1G. 7) of a pipe 89 (see FI1G. 8) that extends through
the pressure chamber 80 to the mterior of the outlet pipe 81.

The pressure gage 42 works i combination with the
blower 74 to provide an indication as to the cleanliness of the
DPF. For example, between pulses, the blower 74 provides a
steady tlow of air to the upper side of the DPF. The resistance
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to this air flow by the DPF causes backpressure at the upper
side of the DPF. The pressure gage 42 measures this back-
pressure. The backpressure will drop as the DPF becomes less
plugged. Therefore, by monitoring the level of backpressure
between pulses, 1t 1s possible to assess the cleanliness of the
DPF. For example, when the backpressure falls below a pre-
determined value, or drops a predetermined amount relative
to a starting backpressure, the cleaning process can be termi-
nated.

FIG. 19 1s an enlarged view of the control panel 44 pro-
vided at the front of the cabinet 21. The panel 44 interfaces
with a controller that coordinates operation of the various
clectronic components of the system (e.g., the pressure switch
110, the solenoid 88, the blower, the sensors 135, 170, 172,
etc.). The panel 44 includes a power switch 200 for turning the
cleaner 20 on and ofl. The panel 44 also includes an LED 202
that illuminates when a DPF has been properly mounted at the
DPF mount 62. The panel 44 further includes a switch 204 for
activating only the blower (“test”) and for activating the
blower and the pulse generator together(*“pulse™). When the
switch 1s set to “test” only the blower 74 1s activated giving the
operator the opportunity to evaluate the cleanliness of the
DPF by evaluating the backpressure reading of the pressure
gage 42. When the switch 1s set to “pulse”, the blower 1s
operated and concurrently the pulse generator 1s activated to
clean a DPF within the cabinet 21. The panel further includes
a timer 206 for setting the duration of a given cleaning opera-
tion. The panel can also be equipped with a pulse counter for
counting the number of pulses generated by the pulse genera-
tor. The pulse counter can be used to determine the number of
pulses used to clean a given DPF or to determine the appro-
priate time to replace the primary filter. The counter can also
be used for warranty purposes.

The above specification provides examples of how certain
inventive aspects may be put into practice. It will be appreci-
ated that the inventive aspects can be practiced in other ways
than those specifically shown and described herein without
departing from the spirit and scope of the mventive aspects.

What 1s claimed 1s:

1. A method for cleaning a diesel engine exhaust treatment
device comprising;:

removing the diesel exhaust treatment device from a

vehicle;

positioning the diesel exhaust treatment device within an

off-vehicle pulse-cleaning cabinet;
cleaning the diesel exhaust treatment device by directing
pulses of air through the diesel exhaust treatment device
while the diesel exhaust treatment device 1s within the
cabinet, the pulses of air each being directed at a major-
ity of a face of the diesel exhaust treatment device;

removing the diesel exhaust treatment device from the
off-vehicle pulse-cleaning cabinet after cleaning; and

remounting the diesel engine exhaust aftertreatment device
to the vehicle.

2. The method of claim 1, wherein the diesel exhaust treat-
ment device comprises a diesel particulate filter.

3. The method of claim 2, wherein the diesel particulate
filter includes a ceramic substrate having a honey-comb con-
figuration of plugged passages.

4. The method of claim 2, wherein the diesel particulate
filter includes silicon carbide or cordierite.

5. The method of claim 2, wherein the diesel particulate
filter includes wire mesh.

6. The method of claim 2, wherein the diesel particulate
filter includes corrugated metal fo1l.

7. The method of claim 1, wherein the pulses of air travel in
a first direction extending from a first face to a second face of
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the diesel exhaust treatment device, and wherein air 1s moved
in the first direction through the diesel exhaust treatment
device between pulses.

8. The method of claim 7, wherein a blower 1s used to blow
air 1n the first direction through the diesel exhaust treatment
device between pulses.

9. The method of claim 7, wherein the first face 1s an outlet
face and the second face 1s an 1nlet face of the diesel exhaust
treatment device.

10. The method of claim 1, further comprising capturing
material flushed from the diesel exhaust treatment device at a
filter positioned within the cabinet downstream of the diesel
exhaust treatment device.

11. The method of claim 1, wherein the cleaming process
takes 15 minutes or less.

12. The method of claim 1, wherein the cleaming process
uses 1-100 pulses.

13. The method of claim 1, wherein the pulses have an
approach velocity in the range of 20-100 feet per second.

14. The method of claim 1, wherein the pulses each have a
duration in the range of Y50 of a second to 1 second.

15. The method of claim 1, further comprising monitoring
a back pressure level before and after cleaning the diesel
exhaust treatment device.

16. A pulse cleaner for cleaning diesel exhaust treatment
devices, after the diesel exhaust treatment devices have been
removed from a vehicle, the pulse cleaner comprising:

an off-vehicle cabinet;

a diesel exhaust treatment device mount positioned within
the cabinet for mounting the diesel exhaust treatment
device during pulse cleaning;

a collection filter positioned within the cabinet for collect-
ing material displaced from the diesel exhaust treatment
device during cleaning; and

a pulse generator for generating pulses that are each
directed at a majority of a face of the diesel exhaust
treatment device when the diesel exhaust treatment
device 1s mounted at the diesel exhaust treatment device
mount, the pulse generator including a pressure tank for
accumulating pressurized air, and a valve arrangement
that flushes the pressurized air from the tank, wherein a
pulse of air for cleaning the diesel exhaust treatment
device 1s generated each time the tank 1s flushed.

17. The pulse cleaner of claim 16, wherein the pulse gen-
erator 1s positioned at an upper region of the cabinet, the
diesel exhaust treatment device mount 1s positioned at an
intermediate region of the cabinet, and the collection filter 1s
positioned at a lower region of the cabinet.

18. The pulse cleaner of claim 16, further comprising a
conduit that directs the pulses of air from the pulse generator
to the diesel exhaust treatment device mount.

19. The pulse cleaner of claim 16, wherein the diesel
exhaust treatment device mount includes first and second
sealing cones between which the diesel exhaust treatment
device 1s mounted, and wherein the pulse cleaner includes a
first conduit that provides fluid communication between the
first cone and the pulse generator, and a second conduit that
provides tluid communication between the second cone and
the collection filter.

20. The pulse cleaner of claim 16, wherein the pressure
tank has a volume 1n the range of 5-350 gallons, and the
pressure tank 1s pressurized to an air pressure less than 15
pounds per square inch at the time the pressure tank 1s flushed.

21. The pulse cleaner of claim 16, wherein the pulses travel
through the diesel exhaust treatment device 1n a direction
toward the collection filter, and wherein the pulse cleaner
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turther comprises a blower for forcing air through the diesel
exhaust treatment device 1n a direction toward the primary
filter between pulses.

22. The pulse cleaner of claim 21, further comprising a
pressure gage for measuring the back pressure generated
behind the diesel exhaust treatment device.

23. The pulse cleaner of claim 22, further comprising a
switch for deactivating the pulse generator while the blower
continues to force air through the diesel exhaust treatment
device.

24. The pulse cleaner of claim 18, wherein ends of the
conduit are sealed to prevent air from the pulses from by-
passing the diesel exhaust treatment device.

25. The pulse cleaner of claim 24, wherein the ends of the
conduit are sealed with clamps.

26. The pulse cleaner of claim 21, further comprising a
check-valve for preventing air from being forced backwardly
through the blower during a pulse of arr.

27. A pulse cleaner for cleaning diesel exhaust treatment
devices alter the diesel exhaust treatment devices have been
removed from a vehicle, the pulse cleaner comprising:

an off-vehicle pulse-cleaning cabinet;

a diesel exhaust treatment device mount positioned within
the cabinet for mounting the diesel exhaust treatment
device during pulse cleanming;

a primary filter positioned within the cabinet for collecting
material displaced from the diesel exhaust treatment
device during cleaning; and

a pulse generator for generating pulses that are each
directed at a majority of a face of the diesel exhaust
treatment device when the diesel exhaust treatment
device 1s mounted at the diesel exhaust treatment device
mount, the pulse generator including a pressure tank for
accumulating pressurized air, and a valve arrangement
that flushes the pressurized air from the tank, wherein a
pulse of air for cleaning the diesel exhaust treatment
device 1s generated each time the tank 1s flushed, the
pulse generator also including a condwt for carrying
pulses from the pulse generator to the diesel exhaust
treatment device, the conduit being sealed with respect
to the diesel exhaust treatment device to prevent air from
pulses from by-passing the diesel exhaust treatment
device.

28. A pulse cleaner for cleaning diesel exhaust treatment

devices, the pulse cleaner comprising:

a cabinet;

a diesel exhaust treatment device mount positioned within
the cabinet for mounting the diesel exhaust treatment
device during pulse cleanming;;

a primary filter positioned within the cabinet for collecting
material displaced from the diesel exhaust treatment
device during cleaning; and

a pulse generator for generating air pulses for cleaning the
diesel exhaust treatment device when the diesel exhaust
treatment device 1s mounted at the diesel exhaust treat-
ment device mount, the pulse generator configured to
direct air pulses through a conduit toward the diesel
exhaust treatment device, the conduit including a cone
that 1s positioned above the diesel exhaust treatment
device for directing air pulses toward a face of the diesel
exhaust treatment device when the diesel exhaust treat-
ment device 1s mounted at the diesel exhaust treatment
device mount.

29. The pulse cleaner of claim 16, further comprising a
conduit that directs the pulses of air from the pulse generator
toward the diesel exhaust treatment device mount, the conduit
including a cone that 1s configured to be positioned above the
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diesel exhaust treatment device for directing pulses of air
toward a face of the diesel exhaust treatment device when the
diesel exhaust treatment device 1s mounted at the diesel
exhaust treatment device mount.

30. A method for cleaning a diesel engine exhaust treat-

ment device comprising:

positioning the diesel exhaust treatment device within a
pulse-cleaning cabinet;

cleaning the diesel exhaust treatment device by directing
pulses of air through the diesel exhaust treatment device
while the diesel exhaust treatment device 1s within the
cabinet, the pulses of air each being directed at a major-
ity of a face of the diesel exhaust treatment device,
wherein the pulses of air travel 1n a first direction extend-
ing from a first face to a second face of the diesel exhaust
treatment device, wherein air 1s moved 1n the first direc-
tion through the diesel exhaust treatment device between
pulses, and wherein a blower 1s used to blow air 1n the
first direction through the diesel exhaust treatment
device between pulses; and

removing the diesel exhaust treatment device from the
pulse-cleaning cabinet after cleaning.

31. A pulse cleaner for cleaming diesel exhaust treatment

devices, the pulse cleaner comprising:

a cabinet:

a diesel exhaust treatment device mount positioned within
the cabinet for mounting the diesel exhaust treatment
device during pulse cleaning;

a collection filter positioned within the cabinet for collect-
ing material displaced from the diesel exhaust treatment
device during cleaning; and

a pulse generator for generating pulses that are each
directed at a majority of a face of the diesel exhaust
treatment device when the diesel exhaust treatment
device 1s mounted at the diesel exhaust treatment device
mount, the pulse generator including a pressure tank for
accumulating pressurized air, and a valve arrangement
that flushes the pressurized air from the tank, wherein a
pulse of air for cleaning the diesel exhaust treatment
device 1s generated each time the tank 1s flushed;

wherein the diesel exhaust treatment device mount
includes first and second sealing cones between which
the diesel exhaust treatment device 1s mounted, and
wherein the pulse cleaner includes a first conduit that
provides fluid communication between the first cone and
the pulse generator, and a second conduit that provides
fluid communication between the second cone and the
collection filter.

32. A pulse cleaner for cleaming diesel exhaust treatment
devices, the pulse cleaner commprising;

a cabinet:

a diesel exhaust treatment device mount positioned within
the cabinet for mounting the diesel exhaust treatment
device during pulse cleaning;

a collection filter positioned within the cabinet for collect-
ing material displaced from the diesel exhaust treatment
device during cleaning; and

a pulse generator for generating pulses that are each
directed at a majority of a face of the diesel exhaust
treatment device when the diesel exhaust treatment
device 1s mounted at the diesel exhaust treatment device
mount, the pulse generator including a pressure tank for
accumulating pressurized air, and a valve arrangement
that flushes the pressurized air from the tank, wherein a
pulse of air for cleaning the diesel exhaust treatment
device 1s generated each time the tank 1s flushed;
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wherein the pulses travel through the diesel exhaust treat-
ment device 1n a direction toward the collection filter,
and wherein the pulse cleaner further comprises a
blower for forcing air through the diesel exhaust treat-
ment device i a direction toward the primary filter
between pulses.

33. The pulse cleaner of claim 32, further comprising a
pressure gage lor measuring the back pressure generated
behind the diesel exhaust treatment device.

34. The pulse cleaner of claim 33, further comprising a
switch for deactivating the pulse generator while the blower
continues to force air through the diesel exhaust treatment
device.

35. The pulse cleaner of claim 32, further comprising a
check-valve for preventing air from being forced backwardly
through the blower during a pulse of air.

36. A pulse cleaner for cleaning diesel exhaust treatment
devices, the pulse cleaner comprising:

a cabinet;

a diesel exhaust treatment device mount positioned within

the cabinet for mounting the diesel exhaust treatment
device during pulse cleanming;;
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collection filter positioned within the cabinet for collecting

material displaced from the diesel exhaust treatment
device during cleaning;

a pulse generator for generating pulses that are each

directed at a majority of a face of the diesel exhaust
treatment device when the diesel exhaust treatment
device 1s mounted at the diesel exhaust treatment device
mount, the pulse generator including a pressure tank for
accumulating pressurized air, and a valve arrangement
that flushes the pressurized air from the tank, wherein a
pulse of air for cleaning the diesel exhaust treatment
device 1s generated each time the tank 1s flushed; and

a conduit that directs the pulses of air from the pulse gen-

erator toward the diesel exhaust treatment device mount,
the conduit including a cone that 1s configured to be
positioned above the diesel exhaust treatment device for
directing pulses of air toward a face of the diesel exhaust
treatment device when the diesel exhaust treatment
device 1s mounted at the diesel exhaust treatment device
mount.
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